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ABSTRACT
Karyotypes of nine species (Megalops atlanticus, Elops 
saurus, Brevoortia patronus, B. smithi, B. tyrannus, 
Dorosoma cepedianum, D . petenense, Harengula clupeola, and 
Anchoa mitchi11i) and one hybrid (B^ smithi x B^ tyrannus) 
of teleost fishes revealed diploid complements ranging from 
28 to 50 chromosomes and comprised of uniarmed elements or 
combinations of uniarmed and small and large biarmed 
elements. The occurrence of large metacentric-submeta- 
centric chromosomes was usually associated with a reduction 
in total chromosome number suggesting fusion events in the 
evolution of karyotypes from ancestral complements with 48 
to 52 acrocentrics. Information from karyotypes is used to 
characterize species, genera, and families and, where 
possible, these data are used in combination with published 




Karyology is the study of chromosome number and 
morphology and is used to assess intra- and interspecific 
relationships of animals and plants. Chromosome studies, 
important tools in taxonomy, also have potential in estimat­
ing the phylogenies of living organisms (Simon, 1963;
Taylor, 1967; Ohno et al. 1968; Takagi and Sasaki, 1974; 
LeGrande and Fitzsimons, 1976; Bickham and Baker, 1977;
King, 1977; Dingerkus, 1979; Baker, et a l ., 1982).
Nelson (1984) estimated that living fishes number 
approximately 22,000 extant species. Other authors have 
estimated from 17,000 to 30,000 species (Wheeler, 1975; 
Lagler et a l ., 1977; Lee et al., 1980). Since only about 
six percent of all living fishes have been karyotyped, 
interpretations of karyology require confirmation from other 
data sources.
Karyotypes are used just as any other morphological in­
formation in fish systematics, such as scale counts or 
fin-ray counts. Few chromosome studies of fishes have dealt 
with an entire group (family, subfamily or tribe) of which 
the geologic history of the range and the morphologic 
features are well known. Some notable exceptions are the 
centrarchids (Roberts, 1964), salmonids (Nygren et al., 
1971), and goodeids (Uyeno et a l ., 1983). Complete or near
1
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complete studies on large groups of fishes are important in 
order to understand and evaluate better the systematic 
significance of chromosomal variations.
The elopiforms (ten pounders, tarpons, and bonefishes) 
and clupeiforms (herrings and anchovies) are regarded by 
ichthyologists as potential basal groups in the evolution of 
teleost fishes. Gosline (1971) regards the elopiforms, 
clupeiforms, salmoniforms (salmon and trout), 
osteoglossiforms (mormyrids and bony tongues), angui11iforms 
(true eels), cypriniforms (minnows and suckers), and 
notacanthiforms (halosaurs and spiny eels), as "lower 
teleosts" and on or near a direct line in teleostean 
phylogeny. Greenwood et a l . (1966) place the elopiforms
along with notacanthiforms, anguilliforms, and possibly 
clupeiforms into the superorder Elopomorpha. However, they 
do not rule out the possibility that the clupeiforms have an 
origin independent of the elopiforms, and they also suggest 
that both groups, because of morphological features and type 
of larvae, are off the main course of teleostean evolution. 
Greenwood et al. suggest that among living fishes the 
salmoniforms are likely the basal group which is more 
closely related to the ancestors of higher ray-finned 
fishes. The fishes which make up the basal teleostean 
groups according to Gosline and Greenwood et al. have been
of considerable interest to systematic ichthyologists, who 
for several decades have debated their positions in the 
evolution of teleost fishes. The importance of this debate 
is put into perspective when it is considered that over 90 
percent of all species of fishes are teleosts (Gosline,
1971; Greenwood et al., 1966; Nelson, 1984).
The orders Elopiformes and Clupeiformes include about 
four genera with 11 species and 68 genera with 331 species 
respectively (Nelson, 1984). In this study, two species of 
elopiforms, in separate genera, were karyotyped. The genera 
are Megalops, a marine genus whose members are distributed 
in the Indo-Pacific, Atlantic, and Gulf of Mexico, and 
Elops, marine fishes found off the coasts of the Americas, 
South Africa, and tropical Australia (Wheeler, 1975). Seven 
species and one hybrid also karyotyped in this study 
represent four genera in the order Clupeiformes:
Brevoortia, marine fishes of the western Atlantic and Gulf 
of Mexico (Fischer, 1978); Dorosoma, common fresh- and 
brackish- water fishes of the central United States, 
coastal Gulf of Mexico, eastern Mexico, Guatemala, and 
Nicaragua (Miller, 1960); Harengula, marine fishes of the 
western Atlantic, Gulf of Mexico, and Caribbean (Fischer, 
1978); and Anchoa, coastal marine fishes of the western 
Atlantic and Gulf of Mexico (Wheeler, 1975).
The present study is the first report of a karyotype 
for the genus Brevoortia and includes three of the four 
recognized species. The first karyotypes for the genera 
Anchoa and Harengula and the second for the genus Megalops 
are also provided. Karyotypic data for Dorosoma and Elops, 
although previously published (Fitzsimons and Doucette,
1981; Doucette and Fitzsimons, 1982), are an integral part 
of my study of lower teleost karyology and are included 
here. Karyotypes of these fishes are used to characterize 
species and genera and, where possible, used in combination 
with published reports to reinterpret previously proposed 
phylogenies.
MATERIALS AND METHODS 
Procedures.— Fishes were collected from native populations 
usually by seining or cast netting. Once karyotyped, 
the fishes were cataloged and placed into the permanent 
collection of fishes of the Louisiana State University 
Museum of Zoology (LSUMZ).
Specimens examined include:
LSUMZ 4340, Fish No. D83-10:l-5, 7, 8, FL: St. Lucie
Co., Mosquito impoundment, 5.5 mi. S. of intersection of 
Fla. Hwys. A1A and 656, near Round Island Park,
A. J. Doucette, Jr., 4 October 1983 for Megalops atlanticus;
2722, F80-15:l, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
2723, F80-15:2, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
2724, F80-15:21, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
2725, F80-15:22, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
5
6
2726, F80-15:7, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
2727, F80-15:8, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
2728, F80-15:9, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, J. M. Fitzsimons, A. J. Doucette, Jr.,
J. W. Korth, R. J. F. Smith, 12-18 August 1980;
2729, F80-21:2, LA: Lafourche Parish, Borrow pits 2.7 
mi. W. of Caminada Pass, at La. Hwy. 1, A. J. Doucette, Jr., 
J. W. Korth, L. T. Korth, 16 August 1980;
2730, F80-16:l, LA: Lafourche Parish, Borrow pits, 2.7 
mi. W. of Caminada Pass at La. Hwy. 1, J. M. Fitzsimons,
R. J. F. Smith, 14 August 1980;
2731, F80-16:2, LA: Lafourche Parish, Borrow pits, 2.7
mi. W. of Caminada Pass, at La. Hwy. 1, J. M. Fitzsimons,
R. J. F. Smith, 14 August 1980;
2732, F80-16:3, LA: Lafourche Parish, Borrow pits, 2.7
mi. W. of Caminada Pass, at La. Hwy. 1, J. M. Fitzsimons,
R. J. F. Smith, 14 August 1980;
2733, F78-8:l, LA: Lafourche Parish, Fourchon Beach
just east of Bay Marchand, J. M. Fitzsimons, C. L. Luckner, 
W. F. Font, A. J. Doucette, Jr., L. Madsen, 14 August 1978;
2734, F78-8:2, LA: Lafourche Parish, Dock at LUMCON
Marine Laboratory, A. J. Doucette, Jr., 15 August 1978 for 
Elops saurus;
2831, F80-13:10, 15, 16, LA: Jefferson Parish, East
end of Grand Isle, tidepool near rock jetty, A. J. Doucette, 
Jr., J. W. Korth, J. M. Fitzsimons, 27 July 1980;
2838, No. F80-10:7, LA: Jefferson Parish, East end of
Grand Isle, tidepool near rock jetty, A. J. Doucette, Jr.,
J. W. Korth, 25 July 1980;
2867 F80-14: 26-29, LA: Jefferson Parish, East
end of Grand Isle, tidepool near rock jetty,
J. M. Fitzsimons, J. W. Korth, R. J. F. Smith, 12 August 
1980;
2890, F82-l:30, LA: Jefferson Parish, East end of 
Grand Isle, tidepool near rock jetty, J. M. Fitzsimons,
A. J. Doucette, Jr., J. W. Korth, 3 April 1982;
2891, F82-2:13, 30, LA: Lafourche Parish, Dock at
LUMCON Marine Laboratory, J. M. Fitzsimons, J. W. Korth,
A. J. Doucette, Jr., 4 April 1982;
2894, JWK 82-3:15, 18, LA: Jefferson Parish, East end
of Grand Isle, tidepool near rock jetty, J. W. Korth,
A. J. Doucette, Jr., 30 September 1982;
2899, F83-l:14, 17, 19, 25, 26, 33, 34, 36, LA: 
Jefferson Parish, East end of Grand Isle, tidepool near rock
jetty, J. M. Fitzsimons, A. J. Doucette, Jr., J. W. Korth,
W. DeLaune, 18-21 January 1983;
3044, D82-l:l-4, 15, LA: St. Tammany Parish, N. shore
of Lake Pontchartra in at LA. Hwy. 11, A. J. Doucette, Jr.,
28 October 1982;
4344, D83-1:10, 12-14, 18-21, 23, 30-33, LA: Lafourche
Parish, Dock at LUMCON Marine Laboratory, A. J. Doucette, 
Jr., J. W. Korth, 25-28 April 1983 for Brevoortia patronus;
4338 D84-9:1-3, 6-8, 10, 16, 23, 29-31, FL: Indian
River Co., Indian River 5.8 mi. N. of County Hwy. 510, (West 
Shore), Sembler and Sembler Marina, A. J. Doucette, Jr.,
C. S. Stevens, J. C. Stevens, 19 July 1984;
4342, D84-ll:l-3, FL: Indian River Co., Sebastian
Inlet at campground dock, A. J. Doucette, Jr.,
W. H. LeGrande, 8-12 October 1984 for Brevoortia smi thi;
4337, D84-l:l, 2, 4, 5, 7-12, N.C.: New Hanover Co..,
Marina 1.5 mi. S. of Snow's Cut at Hwy. 421, A. J. Doucette, 
Jr., J. M. Fitzsimons, 9 May 1984 for Brevoortia tyrannus;
4339, D84-9:17, 22, 27, 34, FL: Indian River Co.,
Indian River 5.8 mi. N. of County Hwy. 510, (West Shore), 
Sembler and Sembler Marina, A. J. Doucette, Jr.,
C. S. Stevens, J. C. Stevens, 19 July 1984 for Brevoortia 
tyrannus X Brevoortia smi thi;
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2388, F80-3:l-6, 12, 13, LA: Iberville Parish, E. edge
of Atchafalaya basin at Ramah, J. M. Fitzsimons,
A. J. Doucette, Jr., J. W. Korth, 21 January 1980;
2390, F80-l:4, 6, 11, LA: Iberville Parish, E. edge of
Atchafalaya basin at Ramah, J. M. Fitzsimons,
A. J. Doucette, Jr., 3 January 1980;
2427, One specimen, LA: Iberville Parish, E. edge of
Atchafalaya basin at Ramah, J. M. Fitzsimons,
A. J. Doucette, Jr., L. Madsen, 16 June 1978;
2429, One specimen, LA: West Baton Rouge Parish,
Mississippi R. borrow pits, 2.5 mi. N.W. of Lobdell overpass 
(La. Hwy. 190), J. M. Fitzsimons, A. J. Doucette, Jr.,
B. Hanks, 11 November 1977 for Dorosoma cepedianum;
2387, F80-3:ll, LA: Iberville Parish, E. edge of
Atchafalaya basin at Ramah, J. M. Fitzsimons,
A. J. Doucette, Jr., J. W. Korth, 21 January 1980;
2389, F80-1:1, 2, 8, 9, 12, 13, LA: Iberville Parish, 
E. edge of Atchafalaya basin at Ramah, J. M. Fitzsimons,
A. J. Doucette, Jr., 3 January 1980;
2430, Three specimens, LA: West Baton Rouge Parish,
Mississippi R. borrow pits, 2.5 mi. N.W. of Lobdell overpass 
(La. Hwy. 190), J. M. Fitzsimons, A. J. Doucette, Jr.,
B. Hanks, 11 November 1977;
2431, F79-12:l-14, LA: West Baton Rouge Parish,
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Mississippi R. borrow pits, 2.5 mi. N.W. of Lobdell overpass 
(La. Hwy. 190), J. M. Fitzsimons, A. J. Doucette, Jr.,
C. L. Luckner, 15 March 1979;
2432, One specimen, LA: Iberville Parish, E. edge of 
Atchafalaya basin at Ramah, J. M. Fitzsimons,
A. J. Doucette, Jr., L. Madsen, 16 June 1978;
2433, L79-29: B, C, LA: East Baton Rouge Parish, City
Park Lake at Dalrymple Dr., J. M. Fitzsimons,
A. J. Doucette, Jr., C. L. Luckner, 11 January 1978;
2435 F79-15:l-9, LA: East Baton Rouge Parish, City
Park Lake at Dalrymple Dr., J. M. Fitzsimons,
A. J. Doucette, Jr., G. T. Chandler, 31 August 1979 for 
Dorosoma petenense;
4336, D84-7:24, F L : Indian River Co., Sebastian Inlet
at FI. Hwy. A1A, A. J. Doucette, Jr., J. M. Fitzsimons, 14 
May 1984;
4343, D84-10:4, 6-8, 13, 14, FL: Indian River Co.,
Sebastian Inlet at FI. Hwy. A1A, A. J. Doucette, Jr.,
W. H. LeGrande, 8-12 October 1984 for Harengula clupeola;
4341, D83-2:l, 2, 8-14, LA: Jefferson Parish, E. end
of Grand Isle, tidepool near rock jetty, A. J. Doucette,
Jr., J. W. Korth, 27 April 1983 for Anchoa mitchi11i.
Some fishes used in this study lived in waters of high 
oxygen content and, when held for several hours in
11
captivity, went into oxygen stress and died. Therefore, it 
was necessary to secure some special equipment for the more 
delicate species. Aquaria were replaced by a 107 gallon 
stock watering tank (H.D. Hudson Manufacturing Co.) and 
standard aerators were replaced by a commercial aerator 
(Mino-Saver, Commerce Welding & Manufacturing Co., Inc.).
Permanent microscope slides of chromosome spreads were 
prepared by a modification of the hypotonic-citrate 
technique of LeGrande and Fitzsimons (1976) and LeGrande 
(1981). Procedures include:
1) Velban pretreatment: Live fishes were injected intra-
peritoneally with approximately 0.05 ml of 1.0% Velban 
(vinblastine sulfate, Eli Lilly Co.) in distilled 
water. No weight-specific dosage was employed; rather 
size and distention of the coelom determined the 
injection volume. The fishes were then isolated in 
well aerated aquaria or the holding tank for two to 
three hours, although useful preparations were obtained 
after up to six hours of pretreatment. Velban inhibits 
spindle formation which results in an accumulation of 
cells in metaphase at which stage chromosomes are most 
easily seen and examined (Denton, 1973). Increased 
length of Velban pretreatment results in increased 
chromosome condensation (LeGrande, 1981).
Hypotonic treatment: After Velban pretreatment, the
fishes were sacrificed, and the gill apparatus ex­
cised. The gill filaments were removed, covered with 
hypotonic solution (0.45-1.0% sodium citrate or 
potassium chloride in distilled water), and then minced 
and aspirated to loosen and separate cells of the gill 
epithelium. Haemopoetic organs (spleen and kidney) 
were occasionally used. The length of time that tissue 
remained in the hypotonic solution varied inversely 
with the concentration of the hypotonic solution (30 
minutes to one hour). The cell suspension was filtered 
with cheesecloth to remove large pieces of tissue, and 
the solution was left standing until the cells became 
turgid, usually 30-40 minutes after being placed in the 
hypotonic solution. The cell suspension was then 
centrifuged for seven to 10 minutes at 800 rpms. The 
cells were most delicate at this point, and rough 
treatment ruptured them. Excessive centrifugation 
(longer time or higher rpms) resulted in too firm a 
cell button containing only cellular debris. After 
centrifugation, the hypotonic solution was decanted 
without disturbing or drying the cell button.
Fixation: Three parts methanol to one part glacial
acetic acid was added slowly to cover the cell button
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without disturbing it. The fixative was always made up 
fresh because it is hydrophilic, and because methanol 
and glacial acetic acid will combine to form methyl 
acetate after approximately 30 minutes (Denton,
1973). Refrigeration helped prevent hydration of the 
fixative. A minimum of 10-15 minutes, depending on the 
size of the cell button, was required to fix all 
cells. Longer fixing periods did not adversely affect, 
the cells. When properly fixed, epithelial cells and 
white blood cells turned white to grey, whereas red 
blood cells and tissue clumps turned brown. After 
fixation, the cells were gently aspirated and red blood 
cells and tissue were removed by pipette. Once the 
cell button was suspended, the solution was centrifuged 
as before, supernatant decanted, and the cell button 
washed with fresh fixative and resuspended. The 
washing procedure was repeated (at least twice) until 
the cell suspension appeared as a white-blue solution 
without clumps of cells. Because cells were lost with 
each wash, the number of washes also depended on the 
initial size of the cell button. Once properly fixed, 
the cell button may be stored in refrigerated fixative 
for at least 24 hours (Denton, 1973). Mammalian cells 
have been frozen in fixative and used months later 
(Baker et al., 1982).
Slide preparation: After the last centrifugation, the
supernatant was decanted, and enough fresh fixative 
added to create an opalescent suspension. If in­
sufficient fixative was added, material on the slide 
was too dense for observation. After dilution, the 
solution was applied to the slide one drop at a time 
from two to six inches above the slide. Drops were 
evenly spaced on the slide with as little overlap as 
possible. A second drop placed over the first washed 
off cells already producing spreads or cluttered the 
field of observation. A solution of 0.2-0.3 ml yielded 
four to six microscope slides.
Staining: When completely dry, the slides were stained
with 2 to 5% Giemsa stain in a phosphate buffer (0.469 
g of Naf^PO^ and 0.937 g of NaHPC>4 in 1.0 1 of distill­
ed water) for 30 minutes and immediately run through a 
dehydration and mounting procedure. The slides were 
first rinsed in acetone, then immersed in clean acetone 
for 5 minutes, in equal parts of acetone and xylene for 
5 minutes, and finally a minimum of 5 minutes in xylene 
alone before a coverslip was added. Slides were taken 
directly from the xylene bath, and one to two drops of 
miscible mounting medium (Permount, Fisher Scientific 
Co.) and a coverslip were centered over the cells.
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Another method used to prepare the permanent micro­
slides was a modification of the "squash" technique (Conger 
and Fairchild, 1953; McPhail and Jones, 1966; Beamish et 
al., 1971).
1) Velban pretreatment: Same as in the hypotonic-citrate
technique.
2) Hypotonic treatment: After a period of 2-3 hours of
Velban treatment, the fish were sacrificed and the 
entire gill arch was removed and placed in a 0.5% 
solution of sodium citrate or potassium chloride
for one hour. This allowed the cells to absorb water 
and become turgid. After an hour the end of the gill 
arch was touched to a piece of absorbent paper to 
remove surface fluid which could interfere with 
staining.
3) Staining and fixation: The gill arch was then covered
with a solution of Lacto-Aceto-Orcein stain (38 ml of 
100% acetic acid; 45 ml of distilled water; 16 ml of 
100% lactic acid; 1 g of orcein stain). The stain 
solution was boiled and filtered before each use. The 
acetic acid in the stain acted as a fixative. The 
tissue was left in the stain for a minimum of 30-45 
minutes, but good spreads were obtained after two 
days.
4) Slide preparation: A drop of 60% acetic acid was
placed on a microslide, and the tissue was then swabbed 
onto the slide, which caused surface cells from the 
gill tissue to slough off. A cover slip, previously 
treated with a silicon coating agent (Prosil-28, SCM 
Chemical Division) was added, held in place, and then 
mashed with thumb pressure. The cells ruptured and 
spread. To slow drying of the slides, they were sealed 
with Kronig cement. Although well sealed, the slides 
dried within two months thus minimizing the number of 
slides which could be made at one time. In order to 
increase use time, slides were made permanent by quick 
freezing, dehydration, and remounting the cover slip 
(Conger and Fairchild, 1953). The slides were placed 
on a block of dry ice for 30-60 seconds, and the cover 
slip was lifted off with a razor blade. The slides 
were then placed for approximately 3 minutes in each of 
four baths of ethanol (70%, 95%, and two of 100%) and 
one bath of xylene to dehydrate and clear the cells.
The slides were then made permanent by the addition of 
permount and a new cover slip.
In both previously described techniques, finished 
microscope slides were scanned and chromosome spreads 
examined by using a Wild M20 KGS phase-contrast microscope,
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a Leitz light microscope, and a Bausch & Lomb light micro­
scope. The diploid complements of cells were counted until 
a clear modal number of chromosomes was established.
The diploid number (2n) is the total chromosome 
complement per cell and is accepted as the modal number 
occurring for all cell-complement counts. The fundamental 
number (FN) denotes the number of large chromosome arms in 
the karyotype, calculated as twice the number of biarmed 
chromosomes plus the number of acrocentric chromosomes in 
the karyotype. Percent of total complement length (%TCL), 
an index of individual chromosome size, was calculated as 
the length of an individual chromosome divided by the total 
length of all chromosomes in the complement multiplied by 
100. Arm ratios for each chromosome were calculated by 
dividing the length of the long arm by the length of 
the short arm of the chromosome, which gave an index of the 
centromeric position. Nomenclature for centromeric position 
followed Levan et al. (1964), where an arm ratio <1.70 
indicated a metacentric chromosome (m), 1.7-2.99 sub- 
metacentric chromosome (sm), 3.00-6.99 subtelocentric 
chromosome (st) , and 7.00 and greater a telocentric 
chromosome (t). A biarmed chromosome has two pairs of well 
developed arms and includes metacentric and submetacentric 
chromosomes.
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Karyotypes were developed through camera-lucida 
drawings and photographs taken with a Polaroid MP-4 Land 
camera and Polaroid 665 positive-negative film. Negatives 
of high quality chromosome spreads were projected to produce 
drawings on which individual chromosomes were measured and 
analyzed with the use of a computerized program designated 
KARYPAK based on a program (CHROMPAC) devised by Green et 
al. (1980). This computerized system incorporated the 
analytical steps normally involved in phylogenetic karylogy 
into a computerized format. Measurement of chromosome arms, 
ordering of chromosomes by size, pairing of homologs, 
calculations of percentage lengths, centromeric ratios and 
indices, categorization, matching of similar chromosomes of 
many spreads, and drawings of graphic representations of the 
karyotypes (idiograms) were accomplished or facilitated by 
the computer.
KARYPAK was used on an IBM PC with 512,000 bytes of 
random access memory (RAM). Printouts and idiograms were 
made with IDS Prism 132 and NEC 3550 printers. Measurement 
of chromosomes was accomplished with an SAC GP6-40 sonic 
digitizer which uses a sparking pen and long microphones set 
at right angles to compute coordinates.
Prior to measurement, the appropriate conversion factor 
could be selected in order to convert measurements in real
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units, i.e. micrometers. The computer tracked measuring 
operations and requested the appropriate arm of each 
chromosome on the operator's console. The digitizer was 
used to trace the length of the two chromatids of each arm 
of each chromosome; the lengths, in centimeters (convertible 
to micrometers), were displayed on the console.
In the analysis section of the program, data which were 
stored in a single list, were sorted into a dual array of 
arm lengths and ordered according to the total lengths of 
the chromosomes. Centromeric ratios were computed, and the 
data printed out. The original numbers of the chromosomes 
in the order in which they were measured were also printed 
and stored for comparision with the original photograph or 
drawing. The final task facilitated by the program was the 
drawing of a diagramatic representation of the karyotype or 
idiogram.
In counting the number of chromosomes per cell, 
hypermodal counts are assumed attributable to chromosome 
recruitment from nearby cells during slide preparation, 
premature chromatid separation, or an anomalous cell with 
excess chromosomes. Hypomodal counts are more likely 
attributable to chromosome loss during slide preparation, 
overlap of chromosomes within a cell, and small size 
(2-6 pm) of most chromosomes in the karyotypes of these
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species. The modal count is considered to be the true 
diploid number of chromosomes, and variation is accepted 
as artifact (LeGrande, 1981).
Chromosomes were placed into classes according to 
centromeric position from measurements made from camera- 
lucida drawings and photographs. Selected drawings for each 
population were analyzed with the Karypak computer program 
to compute long-arm to short-arm ratios and total complement 
length and to facilitate interspecies comparisons. Some­
times chromosome measurements fell very close to the 
borderline between two classes. This occurrence of border­
line measurements sometimes causes difficulty in comparing 
results obtained by different authors (LeGrande et al.,
1984) .
Basis for comparing karyotypic differences.—  Within the 
teleost fishes, there is a wide range of chromosome number 
and morphology. These differences in karyotypes come about 
through chromosomal rearrangements which take several 
forms (Fig. 1): translocations (exchanges of regions within
one chromosome or between different chromosomes), inversions 
(changes in the position of the chromosomal regions by 
180°), duplications (the doubling of genes or of small parts 










Fig. 1: A-I Chromosomal rearrangements in fishes
(Schematic). A. non-apparent translocation; B. 
interchroroosomal translocation resulting in the 
decrease of arm number; C. interchromosomal trans­
location resulting in the increase of arm number; 
D. centric fusion; E. centric fission; F. para­
centric inversion; G.H.I. pericentric inversions. 
From Kirpichnikov, 1981.
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Closely related species of fishes differ in the 
structure of karyotypes, thus translocations may occur. 
Individuals with reciprocal translocations, i.e., the 
exchanges, region by region, of chromosomes without any loss 
or addition of genetic material are generally quite viable. 
Even individuals with additional genetic material can 
sometimes survive. Intrachromosomal translocations may 
result in changes in the relative length of the chromosomal 
arms or in the number of arms, but the probability of such 
rearrangements during meiosis is very low. Reciprocal 
interchromosomal exchanges are of great evolutionary 
significance and may be accompanied by a decrease or 
increase in the number of chromosomal arms (Kirpichnikov, 
1981). When producing a biarmed chromosome, the rearrange­
ments will usually produce one which is equal in size to the 
telocentric chromosomes in the complement.
Robertsonian translocations or centric fusions are very 
important in chromosomal evolution and are apparently fairly 
frequent. The breakage of one telocentric chromosome occurs 
near the centromere, and another telocentric chromosome is 
joined to the site of the breakage. One or two small 
regions adjacent to the centromere along with one of the 
centromeres are lost, and two telocentric chromosomes fuse 
into a single metacentric one. The metacentric chromosomes
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formed from fusion events result in biarmed chromosomes 
twice the size of the telocentric chromosomes involved 
(Fitzsimons, 1972; Uyeno et al ., 1983). The reverse 
process of centric fission is rarer because an additional 
new centromere is required. However, according to recent 
data, the direct division of one centromere into two may be 
possible (Kirpichnikov, 1981).
Inversions can be classified into two main types. 
Paracentric inversions, which do not involve the centromeric 
regions are difficult to detect. They do apparently occur 
in fishes quite frequently, but their presence can only be 
established by analyzing the inheritance of linked genes. 
Pericentric inversions involving the centromere are also 
quite frequent. If the two breakage events take place at 
equal distances from the centromere, one cannot detect the 
inversion without the analysis of marker genes. When the 
sites of breakage are located asymetrically, the relative 
length or even the number of chromosomal arms will be 
changed.
Duplication of chromosomal regions occur in fishes. 
Through genetic techniques the presence of duplicated genes 
has been established. The most probable duplication 
mechanism involves unequal crossing over. According to some 
authors, duplications play a particularly important role in
the evolution of fishes (Ohno, 1970). Deletions undoubtedly 
occur among fishes and are perhaps even more frequent than 
duplications. Most deletions lead to a drastic loss of 
viability, and the organisms carrying these deletions are 
rapidly eliminated from the populations (Kirpichnikov,
1981). Non-fusion processes such as pericentric inversions 
and unequal reciprocal translocations result in morpho­
logical changes in chromosomes but not in the diploid number 
of the complement.
RESULTS AND DISCUSSION 
Species accounts.— Karyotypes representing each species and 
the hybrid examined are presented in Figures 2, 3, and 4. 
Characteristics of the karyotypes are summarized in Table 1.
The diploid numbers for all species and the hybrid 
ranged from 28 to 50 chromosomes with the fundamental 
numbers ranging from 48 to 54. There were karyotypes with 
all uniarmed chromosomes and some with a mixture of uniarmed 
and large and small biarmed elements. Homologs could not be 
identified except in some cases where there were large 
biarmed chromosomes; the overall similarity and gradual 
differences in size between most chromosomes did not allow 
pairing. Therefore, the chromosomes in each karyotype are 
arranged in order of decreasing size within each class. No 
sexual dimorphism was noted in the karyotypes of any species 
for which good metaphase spreads of both males and females 
were available. The fundamental number and numbers of 
metacentric, submetacentric, subtelocentric, and telocentric 
chromosomes represent the average values from several 
karyotypes prepared for each species and the hybrid where 
chromosome morphology was actually quantified. Variation in 
chromosome measures, within a species or the hybrid, was due 
largely to differential chromosome contraction between fish, 
from cell to cell in a single animal, or within individual
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Fig. 2. Karyotypes of Megalops atlanticus (A), 
and Elops saurus (B). Abbreviations: 
metacentric (m), submetacentric (sm), 
subtelocentric (st) , telocentric (t). 
Scale = 5 pm
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Fig. 3. Karyotypes of Brevoortia patronus (A),
B. smithi (B), B. tyrannus (C), B. smithi 
x B. tyrannus (D). Abreviations: metacentric
(m), submetacentric (sm), telocentric (t). 
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Fiq. 4. Karyotypes of Dorosoma cepedianurri (A),
D. petenense (B), Harengula clupeola (C), 
and Anchoa mitchilli (D). Abbreviations: 
metacentric (m) , submetacentric (sin) , 
subtelocentric (st), telocentric (t) . 
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Table 1. Summary of karyotypic data for Megalops 
atlanticus, Elops saurus, Brevoortia 
patronus, B. smithi, B. tyrannus, B. 
smithi x B. tyrannus, Dorosoma cepedianum, 
D. petenense, Harengula clupeola, and 
Anchoa mitchilli; imm = immature, % TCL = 
percent total complement length, 2n = 
diploid number, FN = fundamental number, 
m = metacentric, sm = submetacentric, 























Specimens 7 13 46 15 12 4 34 49 7 11




















7 ism. 6 males
5 fnmaloa
Nutter of 
Oells Examined 90 113 124 53 108 25 174 102 39 45
% Modal 53.3 85.8 42.7 81.1 63.8 68 85.6 81.3 74.3 62.2
% Hyponodal 43.3 13.3 48.3 18.8 36.1 28 14.4 17.7 25.6 37.7
% Bypermndal 3.3 1.0 8.8 0.0 0.0 4.0 0.0 1.0 0.0 0.0
Gcnplement
Range
34-52 41-50 39-48 35-46 32-46 38-49 37-48 18-48 22-28 26-48
% TCL (X) 2.0 2.1 2.1 2.1 2.1 2.1 2.1 2.1 3.6 ’ 2.1
% TCL Ranqe 1.0-3.8 1.1-4.3 1.6-5.4 1.5-4.8 1.4-5.7 1.4-6.2 1.2-3.5 1.3-4.0 1.6-5.1 1.5-2.6
2n 50 48 46 46 46 46 48 48 28 48
FN 50 '54 50 50 50 50 50 50 52 48
Chrcnoscme
Classes
m 0 4 2 2 2 2 0 0 22 0
sn 0 2 2 2 2 2 2 2 2 0
st 0 4 0 0 0 0 4 2 2 0
t 50 38 42 42 42 42 42 44 2 48
u>o
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cells. Different dosages and lengths of the Velban pre­
treatment may have influenced degree of contraction of 
chromosomes (LeGrande, 1981). Long chromosome arms, for 
example, may contract faster and to a greater degree than 
short arms (Bogart, 1972).
In the order Elopiformes, Megalops atlanticus exhibited 
a karyotype of 50 uniarmed chromosomes with a fundamental 
number of 50. Each chromosome averaged about 2.0 percent 
TCL with a range of 1.0 to 3.8 percent TCL. This karyotype 
is quite different from that of the other elopiform, Elops 
saurus, which had 48 chromosomes including uniarmed and 
biarmed chromosomes. For E. saurus the fundamental number 
is 54, and the biarmed elements are about twice as large as 
the average uniarmed elements in the complement. The 
average chromosome is 2.1 percent of the TCL with a range of
1.1 to 4.3 percent TCL.
Although the order Clupeiformes showed karyotypic 
differences greater than between the elopiforms, karyotypes 
were identical for Brevoortia patronus, B. smithi,
B. tyrannus, and B. smi thi x B. tyrannus. They exhibited 
diploid numbers of 46 with four biarmed elements, two of 
which were about twice the size of other chromosomes in the 
complement; the fundamental numbers were 50. The smallest 
chromosomes in the complements of the three species and one
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hybrid ranged from 1.4 to 1.6 percent TCL while the largest 
ranged from 4.8 to 6.2 percent TCL.
The diploid numbers for both Dorosoma cepedianum and 
D . petenense were 48 with fundamental numbers of 50. The 
chromosome complements of the two species consisted of two 
biarmed elements with the remainder a mixture of sub- 
telocentrics and telocentrics. For D. ceped ianum four 
subtelocentrics and 42 telocentrics were noted, while in
D. petenense there were two subtelocentrics and 44 telo­
centrics. However, in 16.1 percent of the spreads scored 
for D. cepedianum and 13.3 percent for D. petenense, the 
karyotype from a cell of one species was identical to the 
predominant karyotype of its congener. An intermediate 
karyotype (i.e., three subtelocentrics) was found in two 
individuals of D. cepedianum (one of 11 spreads in one fish 
and two of 18 in another) . The occurrence of the two
karyotypes for each species was not attributable to poly­
morphism related to sex or collection locality; for 
individuals of each species, with the heterospecific 
karyotype, cells with the typical conspecific configuration 
were much more abundant. The average value for percent TCL 
was 2.1 in both species with D. ceped ianum having a range of
1.2 to 3.5 TCL and D. petenense having a range of 1.3 to 4.0
TCL.
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The karyotype of Harengula clupeola differed con­
siderably from all others with 24 biarmed and four uniarmed 
elements. Twenty of the biarmed elements were about twice 
the size of the average telocentric chromosomes in the 
complement. The fundamental number was 52. Chromosomes 
with median or near-median centromeres in these fish were 
the largest examined in this study and averaged 3.6 percent 
TCL, with a range of 1.6 to 5.1 percent TCL.
Anchoa mitchilli exhibited a karyotype composed of 48 
uniarmed chromosomes with a fundamental number of 48. The 
chromosomes were all uniformly small with an average percent 
TCL value of 2.1 and a range of 1.5 to 2.6.
Potential use of karyology in the taxonomy of elopiform and 
clupeiform fishes.— The ranges of the diploid and fund­
amental numbers in elopiform fishes are presently included 
within those ranges for clupeiform fishes. Both orders also 
have species with chromosome sets consisting of undif­
ferentiated uniarmed elements as well as sets consisting 
partly of chromosomes with well developed second arms..
Each of three elopiform species (Megalops atlanticus, 
cyprinoides, and Elops saurus) has a karyotype different 
from the other two by having different diploid and fund­
amental numbers (Table 2). The family Megalopidae is 
tentatively characterized by having all acrocentric
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elements, while the Elopidae, represented by E. saurus, has 
a mixture of uniarmed and large biarmed elements.
The order Clupeiforines is considerably larger than the 
Elopiformes, and karyotypes for many more species have been 
reported (Table 2). The range of diploid numbers (28-54) 
and fundamental numbers (42-69) is also greater. The 
diploid numbers of the family Clupeidae appear to cluster 
around 46 to 48 chromosomes with eight of 13 karyotypes 
exhibiting these numbers. Seven of 11 fundamental numbers 
are in the range 50 to 52 with the majority of species 
having some biarmed elements.
This is the first report for the genus Brevoortia and 
is only the second report of a diploid number of 46 for a 
clupeiform. The karyotypes of Brevoortia patronus,
B. smithi, B . tyrannus, and B. smi thi x B. tyrannus differ 
from Gadusia chapra, which also has 46 chromosomes, by 
having biarmed elements in the complements.
The genera Dorosoma, Alosa, and Caspialosa, within the 
Clupeidae exhibit 48 chromosomes; however, Dorosoma is the 
only genus in the Clupeidae with 48 chromosomes including 
biarmed elements. The other clupeids with 48 chromosomes 
have a fundamental number of 48, while Dorosoma ceped ianum 
and D. petenense have 50. The two species of Dorosoma can 
usually be differentiated from each other by the number of
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48 54 Doucette and Fitzsimons, 
1982; Present Study
Megalops atlanticus 50 50 Present Study
Megalops cyprinoides 52 52 Rishi and Haobam, 1984
Clupei formes
Clupeidae
Alosa pseudoharengus 48 48 Mayers and Roberts, 1969
Brevoortia patronus 46 50 Present Study
Brevoortia smithi 46 50 Present Study
Brevoortia tyrannus 46 50 Present Study
Caspialosa kessleri 48 48 Vasil'yev, 1980
Clupea harenqus 52 — Roberts, 1966
54 — Skvortsova, 1975
Clupea pallasi 52 60 Ohno et al., 1968
Dorosoma cepedianum 4e 50 Fitzsimons and Doucette, 
1981; Present Study
Dorosoma petenense 48 50 Fitzsimons and Doucette, 
1981; Present study
Gadusia chapra 46 46 Khuda-Bukhsh, 1979
Harenqula clupeola 28 52 Present Study
Sardinella melanura 44 52 Rishi, 1973 ,
Engraulidae
Anchoa mitchilli 48 48 Present Study
Engraulis japonicus 48 48 Nogusa, 1960
Engraulis mordax 48 48 Ohno et al., 1968
Engraulis encrasicholus 44 — Ivanov, 1969
Thrissina baelama 42 42 Rishi, 1973
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telocentrics and subtelocentrics within the complement of 
each.
Harengula clupeola exhibited the most striking karyo­
type of any clupeiform. This species has the lowest diploid 
number and largest number of biarmed elements known for the 
order; however, the fundamental number is within the range 
for previously reported clupeiform fishes.
Among the engraulids which have been studied, Anchoa 
m i t c h i H i  is identical in karyotype and fundamental number 
to two other species. Another two species have fewer 
chromosomes. All five species are similar in having no 
biarmed elements in the complement.
These karyotypic data suggest that karyology has 
potential in taxonomic studies of elopiform and clupeiform 
fishes. The elopiform families Megalopidae and Elopidae are 
presently distinguishable by the types of chromosomes 
comprising the complement (all uniarmed vs a combination of 
uniarmed and biarmed chromosomes). Within the orders 
Elopiformes and Clupeiformes, nine of 13 genera with 
reported karyotypes can be characterized by number and 
configuration of chromosomes. In the two orders, 10 of 21 
species have diagnostic karyotypes which can be used to 
distinguish them from near relatives.
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Evolution of chromosomes in elopiform and clupeiform
fishes.—  The diploid number of 46-48 chromosomes, and most 
likely 48, has been suggested to be primitive for teleost 
fishes (Ohno et al., 1968; Ohno, 1970, Fitzsimons, 1972, 
LeGrande, 1975) . Within teleosts, karyotypes with biarmed 
chromosomes are often considered advanced or derived (Ohno, 
et al., 1968; Ohno, 1970; Denton, 1973). Those species of 
elopiforms with reported karyotypes exhibit a combination of 
primitive and advanced characters. The two species of 
Megalops are primitive in having karyotypes with all 
acrocentric elements but derived in having diploid numbers 
above 48. Conversely, Elops saurus has the primitive 
diploid number but with several large biarmed chromosomes.
It would appear that the large biarmed chromosomes, each 
about twice the size of the average acrocentric, originated 
from the fusion of pairs of these smaller uniarmed 
chromosomes. The fundamental numbers of the elopiforms 
suggest an ancestor with a diploid number in the low 50's.
The clupeiform genus Brevoortia exhibits a derived 
feature in having 46 rather than 48 chromosomes. The 
reduced number of chromosomes is likely associated with a 
fusion of acrocentrics which formed the two large biarmed 
elements while the two smaller chromosomes are the result of 
pericentric inversions in single chromosomes. The karyo­
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types of the two species of Dorosoma show the primitive 
diploid number and an advanced chromosome configuration with 
the two small biarmed elements apparently formed by peri­
centric inversions. Harengula clupeola with its large 
number of biarmed chromosomes and reduced diploid number 
indicates the most advanced karyotype for any species of 
clupeiform presently reported. Relative chromosome sizes 
indicate that 20 of the biarmed chromosomes have a probable 
origin by fusion events while the four smaller ones have 
been formed from inversions. Anchoa mitchilli exhibits the 
primitive karyotype and primitive diploid number. If the 
evolution of karyotypes in the clupeiforms as suggested here 
can be assumed, the ancestral type for this group of fishes 
would appear to have had a karyotype like that of Anchoa 
mitchiHi with 48 undifferentiated chromosomes.
Karyology and the phylogeny of teleost fishes. —  In the last 
two decades four major groups of fishes (elopiforms, 
clupeiforms, osteoglossiforms, and salmoniforms) have been 
the focus of studies to determine whether they represent 
stocks basal to teleostean evolution. Greenwood et 
al. (1966; 1967) proposed a polyphyletic origin of three 
major teleostean lineages: the Taeniopaedia which includes
Anguilliformes (true eels), Elopiformes, Notacanthiformes 
(halosaurs and spiny eels), and possibly Clupeiformes; the
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Archaeophylaces which includes the Osteoglossiformes (bony 
tongue fishes and mormyrids), and the Euteleostei, the 
largest assemblage of fishes which includes the salmonoids, 
ostariophysines (catfishes, minnows, and relatives), 
atherinomorphs (silversides and relatives), percoid fishes, 
and related groups. Patterson and Rosen (1977) consider 
each of the three groups a monophyletic assemblage. Gosline 
(1971; 1980) proposed a monophyletic origin for most teleost 
fishes from a salmoniform-like ancestor.
Although primitive among teleost fishes, the elopiforms 
are considered to have specializations which exclude them 
from the direct ancestry of other modern teleosts (Greenwood 
et a l ., 1966; Patterson and Rosen, 1977; Gosline, 1980; 
Rosen, 1982; Lauder and Liem, 1983). Patterson and Rosen 
and Gosline agree that clupeiform fishes are also an 
early offshoot of the basal teleostean stock, but clupeiform 
relationships are not precisely defined and at present are 
unresolved. Greenwood et al. consider the clupeiform fishes 
to be a group that arose independently from either a 
pholidophoroid holstean or as a group that originated within 
the Taeniopaedia from a protoelopid stock. Gosline (1980) 
suggests that clupeiform fishes along with gonorynchiforms 
and ostariophysines evolved from a postelopiform stock; if 
the clupeiform and gonorynchiform fossil records are traced
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or an attempt is made to reconstruct a hypothetical 
ostariophysine ancestor, the result, according to Gosline, 
approaches a generalized teleost of salmoniform-1 ike 
construction. Greenwood et al. (1966) consider the core of 
the salmoniforms as a basal ancestral group to all other 
members of the Euteleostei, but not to the Taeniopaedia and 
Archeophylaces. Patterson and Rosen (1977) regard 
osteoglossiform fishes as the most primitive group of living 
teleosts, but as representatives of a sideline to teleostean 
evolution. Gosline (1980) agrees that the modern 
osteoglossiform fishes are the sole living representatives 
of an early teleostean group.
With the limited karyotypic data available, it is 
neither possible to confirm nor alter the evolutionary 
interpretations proposed for teleost fishes. On the other 
hand, if the karyologic data now available for teleosts are 
truly representative of chromosome numbers and types within 
certain groups, these data corroborate certain aspects of 
the proposed phylogenies for teleosts while suggesting 
others.
After review of current information on diploid and 
fundamental numbers in fishes (pers. comm., W. H. LeGrande), 
I concur with earlier conclusions that the predominant and 
presumed primitive diploid number in teleost fishes is 48,
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and the primitive structural condition includes all acro­
centric chromosomes. Of the nearly 2,000 teleost species 
which have been karyotyped, the diploid numbers range from 
16 to the upper 100's with a mode of 48 (approximate­
ly 25 percent of karyotyped teleosts). Nineteen of 20 of 
the largest orders of teleost fishes exhibit clear modes in 
diploid numbers, and 11 of these modes are at 48. Sixteen 
orders have clear modes for fundamental numbers; the 
predominant fundamental number is 48 and is attributable to 
acrocentric chromosomes. The perciforms and their 
derivatives, with about 8,500 species, occupy the pinnacle 
of teleostean evolution (Nelson, 1984; Rosen, 1982). Over 
half of the nearly 500 species which have been karyotyped 
have a diploid number of 48. Also, over 25 percent of the 
karyotyped perciforms and their derivatives have a 
chromosome construction of all acrocentric elements in the 
complement. Only one (E_̂  saurus) of three karyotyped 
species of elopiforms exhibited a diploid number of 48; the 
other fishes had higher numbers. However, the karyotype of
E. saurus included six large biarmed elements which suggest 
fusion of acrocentric elements in their formation. For this 
species, the likely ancestor had a diploid number in excess 
of 50. Karyology of three of the probable seven species of 
living elopiforms agrees with the conclusions of Greenwood
et al. (1966), Patterson and Rosen (1977), Gosline (1980), 
Rosen (1982), and Lauder and Liem (1983) that elopiform 
fishes are a sideline in teleostean evolution. The 
karyotypic data also confirm the idea that the Osteoglossi- 
formes represents a group not directly on the evolutionary 
line to the major groups of teleosts. Although five of 13 
karyotyped species within this order exhibited 48 chromo­
somes, each of those species with that number had a large 
fundamental number suggesting an origin from an ancestor 
with a diploid number well in excess of 48. Also, these 
fishes without exception are highly specialized animals in 
those families including the knifefishes, the electrogenic 
mormyrids, and the pantodontid butterfly fishes. The more 
generalized and likely more primitive families, the 
Hiodontidae and Osteoglossidae, included fishes with diploid 
numbers in the low to mid 50's and fundamental numbers in 
the mid 50's to low 60's.
The salmoniform fishes, a group which has been studied 
extensively by karyologists, exhibit a modal diploid number 
of 80 and a modal fundamental number of 100. Polyploidy is 
known to occur quite often in salmoniforms (Kirpichnikov, 
1981), and the possibility does exist that some group basal 
among modern teleosts is contained within the salmoniforms 
and is being masked by polyploidy. However, the karyologic
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data do not support a basal position for salmoniforms in the 
origin of the major groups of teleosts (Gosline, 1980) or 
those arising along the euteleostean lines (Greenwood et 
al., 1966, 1967).
The karyotypes for clupeiform fishes show a modal 
diploid number of 48 and a fundamental number of 48 or 50, 
the latter indicating that there is little or no secondary 
arm development. Seven of 17 karyotyped clupeiform fishes 
have a diploid number of 48. Five of the 17 have a 
fundamental number of 48 indicating karyotypes with no 
secondary arm development. However, Dorosoma cepedianum and 
D. petenense have diploid numbers of 48 with a small pair of 
submetacentrics which likely evolved, as stated earlier, 
from pericentric inversions involving single chromosomes. 
Therefore, the ancestral karyotype for the two species of 
Dorosoma would have been 48 acrocentric chromosomes. In the 
same line of reasoning, the three species of Brevoortia have 
reduced chromosome numbers, but that reduction likely 
occurred because of the fusion of pairs of smaller elements 
to form those large ones. The smaller biarmed elements in 
Brevoortia again involved inversions in individual chromo­
somes. Thus, the ancestral karyotype for Brevoortia is 
clearly 48 acrocentric chromosomes. Finally, Harengula 
clupeola with 20 large biarmed chromosomes, four small
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biarmed chromosomes and four uniarmed elements appear to 
have undergone a similar chromosome rearrangement. If the 
same assumptions relative to fusion events and inversions 
are applied here, Harengula clupeola also evolved from an 
ancestor with 48 acrocentric chromosomes. If all karyotyped 
species, which have 48 acrocentric chromosomes or were 
derived from an ancestral type with that complement, are 
included in the count, then 12 of 17 species of karyotyped 
clupeiform fishes support the idea of a predominance of 48 
acrocentric chromosomes in the Clupeiformes. This karyotype 
is the same as that proposed as the hypothetical primitive 
diploid complement for teleost fishes.
Although limited and tentative, the karyologic in­
formation presented here proposes the clupeiforms as a 
feasible candidate for the basal stock in the evolution of 
teleost fishes. This study encourages further research on 
clupeiforms, other lower teleosts, and their likely 
derivatives in karyology, in augmenting and reexamining 
osteological and myological information, and in acquiring 
new kinds of data from more recent approaches to animal 
systematics, particularly biochemical comparisons.
GENERAL CONCLUSIONS 
New data provided in this study demonstrate the 
potential of karyology in studying taxonomic and 
evolutionary relationships in elopiform and clupeiform 
fishes. These data, in combination with previously reported 
studies, support the assumption that 48 acrocentric 
chromosomes represent the primitive condition for teleost 
fishes. This study further suggests that clupeiforms rather 
than osteoglossiforms, salmoniforms or elopiforms are closer 
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